Currently, there are a large number of applications with Geographic Information System (GIS) capabilities, supported by Web services and which contribute to geospatial information quality, prestige, and integrity. Likewise, a series of location-based services have been generated that have become a useful and indispensable instrument with great social content. All of these applications and services with GIS capabilities are increasingly present in the Web, looking to provide new services in real-time geographic information and becoming the central axis for public administrations that have the need to access, integrate, produce, and transmit sufficient geographic information as the main means when making decisions for successful management of their territories. With tools such as these, many public administrations are striving to offer a range of services through the so-called geoportals, thus, multiplying the possibilities of sharing, distributing, exchanging, and accessing geographically referenced information as a plausible instrument in processes of planning and management of their Territory.
Introduction
Although multiple definitions exist about what Web Services are, one possibility would be talking about them as a set of applications or technologies capable of interoperating on the Web. These programs or technologies exchange data among themselves with the aim of providing "services" [1] These services provide standard mechanisms of communication among different applications that interact with each other to present dynamic information to users. Suppliers offer their services as remote procedures and users request services calling these procedures through the Web [2] Geographic Web services are pieces of software (applications, libraries, frameworks) that provide or extend interactive control to display online maps from remote sources, providing decision making elements to architects of Web GIS projects to choose one or the other technology on the client side, being able to choose between proprietary software and free or open-source software with support from web map service (WMS) visualization services and web feature service (WFS) data access and web coverage service (WCS) of the open geospatial consortium (OGC).
On the other hand, there is a lot of Geographic Information (GI) generated from any field, particularly from the government. It is for this reason that to access this information with more ease and acceptance, a number of services are used through geographic web portals, which allow for interoperable and integrated joint management of information from different sources, thus, enabling the development of new tools and geographic information technologies like the geographic information systems (GIS) and Spatial Data Infrastructures (SDIs), including the new geoportal services.
Given the need to access, share, and integrate data among different institutions and databases, a solution must be provided for certain characteristics associated with geographic information so that it can be shared easily. In all kinds of communication, a common code language must be available to act as an exchange language. Interoperability is "the condition whereby, heterogeneous systems can function as if they were part of a single system and, thus, exchange data and distribute processes" [3] . The standards that make this possible have been developed and enacted by various organizations worldwide, such as the Open Geospatial Consortium (OGC) [4] . The development of these standards and the revolution of free software or open-source code have allowed the progressive approach of geographic information to common users [5] Interoperability is achieved when individuals, organizations or systems can work together. This is important for geographic information because of the requirement of "sharing information" and processes in a broad field that includes diverse types of information about the world with its diverse and complex characteristics and the procurement processes of a wide range of software, individuals, and organizations [6] Currently, the exchange, as well as the information displayed by means of geographical Web services based on the OGC Web services architecture, allow for the integration of a wide variety of "online" display, geo-processing and localization services, which facilitate GIS, to communicate with each other using a variety of languages (XML, HTTP), or that indicates that such systems are able to both learn and use such services. This capability is possible because the established rules for such services to make their functionalities available to the public, as well as the procedure by which they should interact (how service requests should be sent) via open and standardized protocols and methods.
Clear and easy ways to query and visualize geographic information are the geographic information viewers available on the Web by means of the so-called Geoportals. These viewers are tools that meet the implementation and interoperability norms and standards, developed for those users whose needs are not for analysis or editing but simply for location, query, and contextualization of information.
Web services can be provided via the Internet, where software entities (clients) who through a network request from others (servers) to send a given information. Web services (interoperability, XML + HTTP) facilitate geographic standardized Web services (OGC) such as the Web Map Service (WMS -static map in image format), the Web Feature Service (WFS -geographical elements as vectors) and Web Coverage service (WCS -values in positions without clear edges), among other services [7] 2. Materials, data, and methods
Characterization of the Study Area
Chinácota is a municipality located in the Department of Norte de Santander, 39.7 km from its capital, Cúcuta, and 586 km from Bogota (capital of Colombia). The municipal territory is located in the Valley of the Eastern Mountain Range, at 7 ° 37' latitude north and 72 ° 36' longitude west of Greenwich Mean Time. The municipality of Chinácota belongs to the Southeast sub-region of the Norte de Santander Department, with a total length of 166.64 Km2, urban area extension: 3.8 Km2, rural extension: 162.84 Km2.
Taking into account that geographic information plays a very important role in the development of society, this should be seen as a fundamental resource for the sustainable development of an organization or public/private institution. In the case of public administrations, municipal authorities must consider vitally important technological advances that lead to facilitate citizen access to public information as an opportunity to enhance the infrastructure of spatial data (ISD) with relevant information at the local level, thus, enabling municipalities like Chinácota to be in a privileged position for potential inclusion in the Colombian ISD and with the possibility of becoming a pioneer administration and a benchmark in this area at the regional level.
Geoportals are instruments that are the entry point to services offered by these spatial data infrastructures and are framed within an interface that provides access to other features relating to consultation and obtaining cartographic data in any sector. Currently, through the geoportals service it is possible to access the geographic information of a large number of local entities, with the capability of joint visualization, and even interoperate the information provided by these institutions with information coming from higher entities in the geographic, regional, or national realm.
General Conceptualization of Geographic Information Technology
There is no doubt of the importance of geographic data, mainly in the territorial realm. From this point of view, geographic information technologies (GIT) represent an important support when managing and planning the territory, as well as diagnosing current and future problems, or finding more viable routes for decision-making processes [8] The main objective of these technologies is to "manage and analyze geographic or geospatial information" [9] The advances in these technologies have led to an increase of the phenomenal amount of spatial data to new analysis methods to convert these data into information for their respective application either in the field of the of geographic information systems (GIS), the global geo-positioning systems (GPS), remote perception (RP), or the spatial data infrastructures (SDIs).
GIS systems were quickly able to provide help in decision making processes, territory management, emergency management, business management, etc.
[10]; going from being a tool for automated mapping and data management to being a new analysis technology with the capability of spatial data manipulation [11] However, although a GIS can obtain the GI from its scattered servers, to be able to share all available GI on a territory, agreements need to exist among the owners of that information so it can be shared, as well as programs capable of displaying the shared information. This is where SDIs intervene. A SDI appears as a consequence of the difficulties of achieving data interoperability. Interoperability allows systems to exchange data and perform tasks together [12] , reaching a point in which the information must be understood and be useful after this exchange [13] . SDIs are shown as legal, organizational, economic, and technical media that provide universal access to Geographic Information Services regarding a given area, contributing to efficient use of "information" for sustainable development of a given area, allowing sound management of Geo-information resources [14] . Depending on the area to be covered by the SDI, there can be different characteristics: whether on a global worldwide level (GSDI -Global FDI), international level / European / American (EIDE -INSPIRE, PC-IDEA), at the State level / National level (National SDI), Regional level and/or Local level (eg. one Municipal SDI or Local SDI).
The foundation and establishment of SDIs is justified primarily based on two needs to be resolved [3] : 1) obtain easy access to geographic information. It should be easily accessible, comfortable, and effective to obtain existing geographic data and 2) reuse of geographic information. The GI should be able to be reused once it has served for the project for which it was acquired. Geographic information generated in a project must be reused for other different purposes, given the high cost of production.
Looking for the solution of these two needs, the term SDI is used to refer to the collection of technologies, policies, and institutional structures that facilitate the availability and access to the GI, offering the possibility of accessing "heterogeneous" spatial data distributed through this set of policies, common rules, and standards, facilitating interconnection of the spatial information in interoperable manner [15] . Implementation of an SDI project is materialized through a Geoportal that offers at least the following three services: visualization service (allows visualization of data through Web services and, optionally, an inquiry), location service (enables the search of data sets and services through the contents of their metadata), and catalogue service (allows location on a map through a geographical name).
Development and maintenance of a Geoportal allows producers and users of geographic information, access, availability, use, reuse, and exchange of spatial data, as well as development of specific online applications to satisfy society needs, making geographical information available for the use and benefit [16] of society.
We cannot deny that a spatial data infrastructure is much more than a Geoportal, but this time we will focus especially on this tool. The purpose is to identify a development model that meets all requirements both at international and national levels in terms of interoperability, production, management, and use of geographic information.
GIS Tools to Support Territorial Planning
Territorial planning is a forward-looking strategic process, based on rational criteria for decision making.
In Colombia, the land management plan (Ordenamiento Territorial -OT) is an instrument that expresses the spatial dimension of social, economic, cultural, and ecological policies with multiple objectives, among which stand out the socio-economic and fairly balanced territory between men and women, improving the standard of living and citizen security of its inhabitants; responsible management of natural resources, environmental protection, and rational and differentiated use of soil, among others [17] . The OT is established as the chart to manage the territory, both on urban land and on rural land and may be expressed as a spatial model of land occupation to be consolidated in the long run, accompanied by a set of tools that enable its implementation by defining territorial strategies of use, occupation, and land management, depending on the economic, social, urban, and regional environmental objectives.
But for appropriate land management, it is necessary to define the location and characteristics of realworld things, the world that surrounds us, so that the complexity of the natural and human environment can be seen, interpreted and analyzed. This could generate information to make decisions in order to make proper use of resources and, likewise, optimize the planning and management of different activities that contribute to the consensual development of the population.
On the other hand, maps have become commonplace and any resource can be located on any of them. Geotag means to locate a point in a specific location on a map. Currently, it is quite common to speak of Geo-referencing or Geo-location, which is simply to know the geographic location of something or someone automatically from certain coordinates.
Geo-referencing, although it has been present for several years, really began to grow at an accelerated pace during the last two years with the evolution of mobile technology and, more specifically, with the use of smartphones that now have built-in integrated GPS receivers, which by means of the satellite network that surrounds the planet can point to any location anywhere on the globe.
Internet also offers location-based services. One example is Google Maps, which offer geo-location without the need of a GPS device, browser, or mobile, simply with a network connection from the browser, using Google´s geo-location Application Programming Interface (API). Thereby, if we need to go from one site (location) to another, thanks to this technology, we only have to say where we are going because through the geo-location service it is already known where you are and possibly where you will arrive.
Proposed model for the creation of the Chinácota SDI Geoportal
As mentioned, the implementation of an SDI project is materialized through a Geoportal. Currently, we see clearly and simply that both the query and display of GI is facilitated by geographic information viewers available on the Web through so-called geoportals. These viewers, defined as tools that meet the implementation and interoperability norms and standards, are developed for those users whose needs are not analysis or editing, but simply the location, consultation, and contextualization of information.
The development and maintenance of a Geoportal allows both producers and users of geographic information access, availability, use, reuse and sharing of spatial data, as well as development of specific online applications to satisfy specific needs of society, turning geographic information into an asset for common use and benefit [16] .
Therefore, a Geoportal is a website which aims to offer users practical and integrated access to a range of resources and services based on geographic information. Thus, within Spatial Data Infrastructure, Geoportals solve the physical and functional connection between geographical data warehouses and users of geographic information [18] .
A Geoportal uses the network to facilitate the discovery, access, and visualization of geospatial data by means of a standard Internet browser, promoting interoperability, integration, and exchange of information among citizens, institutions, or social agents. Following the boom of infrastructures of spatial data, these services have considerably increased their potential, both for the provision of the service (developments in Geographical Standardized Web Services OGC: web map service (WMS), web feature service (WFS), web coverage service (WCS), catalogs) and the possibility of being invoked both from their own portal and from other external portals.
Although multiple definitions are available about what Web services are, a possible one would be defining them as a set of applications or technologies capable of interoperating on the Web. These applications or technologies exchange data among themselves with the purpose of offering services [19] . A good Geoportal should be careful about aspects that make its use more effective to all types of users, in particular [20] :
•Universality, a Geoportal must have at least one English version, be visible from most common operating systems (Windows, Unix, Linux, ...), use the most common browsers (Internet Explorer, Firefox, Mozilla, ...) •Usability, a Geoportal must be comfortable, easy to use, self-explanatory, and simple.
•Accessibility, to facilitate access for users with disabilities, at least to static pages, given the technical difficulties of making mapping contents accessible.
•Design, it must be attractive, neat, and seductive and convey the values that the project considers are most important.
•Availability, of the Geoportal and client applications integrated into it.
•Performance, of the client applications, so that the response is fast even in times of high demand and with large numbers of concurrent users.
Application software
In this project, we will aim for a proposal based on free and open software, presenting in summary and by means of the following four main reasons, the great advantages why the administration should take the risk of adopting this GIS project model:
2.5.1
Innovation sample. The absence of tools of this nature and characteristics would present the district as a pilot and innovative project in the field to the other municipalities in the region.
2.5.2
Cost Savings. In general, and even more so in the world of GIS, proprietary systems have very high licensing costs. The alternative is free and open software, which has zero license costs.
2.5.3
Independence of suppliers.
When using this type of software, the client has the possibility of changing the supplier at any time if the services it offers are not as expected.
2.5.4
Technological maturity. In view of the need for a GIS with advanced features for which high licensing costs must be paid, an alternative solution emerges in the form of free software offering common features with an exceptional quality and maturity similar to regular privative options and at a much lower cost.
Analysis Stage: identification and selection of alternatives
With the development of this model presented as a proposal to the municipal boards, it is intended that the geographic information of the Chinácota Township be established, known, shared, reused so that it may serve as input to generate added value for the benefit of the community with clear and relevant provisions under technical conditions geared to quality. In this context the SDI Geoportal model adopted by Chinácota will be built from five components, which together will strengthen handling and geographic information management in the various areas of the municipality. •Policies and standards. Rules of the game, background material. Rules governing the creation, use, storage, and communication of geographic information. They will mainly rely on standards, which will enable interoperability between the data and services of the Chinácota SDI Geoportal.
•Data component. Data already generated or to be generated. Representation of elements of the municipal territory. They are characterized by having location and dimension attributes.
•Technology component. Includes hardware, software, technologies, applications, Web 2.0 tools, and Web 2.0 services. Software tools are available to support both production and information management and to enable the flow and exchange of data.
•Institutional enhancement component. Alliances, agreements, partnerships, pacts, etc., that promote collaborative initiatives. Seeks to establish partnerships and collaborative environment, transfer of knowledge and technology, development in research, dissemination of processes, definition of functionalities and services.
•Community Component. People are the most important part of the model; it is related to the players as users, producers, suppliers and partners. Data producers and beneficiaries (users) of the services and functionalities rendered. In order to carry out a reasonable working model, the main needs were identified terms of performance and technological characteristics of the system, as well as the analysis of existing information to feed the geographic database. This analysis will enable public managers to have clear criteria for the full implementation phase of the system and to be prepared in accordance with the technological requirements.
2.6.1
Analysis of required software. In recent years, open-source software has become stronger as a real and possible alternative to proprietary software. This software allows users to access the source code, modify, correct, improve, adapt, and redistribute it according to their needs.
2.6.2
Database Management Systems. A database is defined as a set of interrelated data. The Database Management Systems (DBMS) are very specific types of software dedicated to providing an interface among the database, the user, and the applications that use it and, subsequently, to store and quickly access in a structured manner to the information in a database. From the use of a Database Manager System, the GI is integrated together with associated alphanumeric information and other information.
2.6.3
Analysis on the Web server.
It will be responsible for answering all the requests made by a user, in adequate manner, delivering as a result either a Web page or any other type of information according to the requested commands.
2.6.4
Analysis on the Map Server. The map servers allow interaction with the GI data stored on spatial data servers accessible via Web space. The development of the map servers has paralleled the development of Internet applications and its integration with GIS technologies so there is a wide variety of possibilities and developments.
2.6.5
Analysis of user interfaces. An important aspect is the way in which the user can access the Geoportal information. In addition to the use of web services in the standard browsers on desktop computers, it is also important to take into account the presentation of Geoportal information on mobile devices like tablets and smart phones [21] . For this, the presentation of the data must be set on the small presentation format screens of the relevant information by means of a simple and intuitive user interface [22] .
Results

Final Technology Transfer
Server database.
According to the analysis performed on the management system of databases (MySQL and PostgreSQL), it is considered that PostgreSQL is the best choice as a database management system along with the PostGIS spatial extension. This objectrelational Database System Manager, with over 16 years of active development, where its stability, power, robustness, ease of management and implementation of standards are highlighted as the most remarkable features during its development. PostgreSQL works very well with large amounts of data and a high number of users concurrently accessing the system proving to be at present the most advanced, reliable and, as an added advantage, supports most SQL transactions, concurrent control and data integrity. The PostGIS spatial extension is a separate project that provides the support of geographical objects and geometric and topological functions for the treatment of spatial data based on Open Geospatial Consortium (OGC) standards. 
Map Web service
The gvSIG application is currently considered one of the best tools for Geographic Information Systems (GIS) developed in free software. Among its many features is the ability to connect to servers offering WMS, allowing visualization of the cartographic image, with the advantage of being able to display the caption with multiple levels of disaggregation. Besides, it combines the display with the capabilities of a GIS tool: possibility of merging layers, mounting new layers with WMS as a reference, obtain information about the elements identified in the WMS service (Get Feature Info), etc. gvSIG allows the user to publish geospatial information and metadata through standard OGC Web services from the gvSIG interface without having to do it directly on the corresponding server software.
Conclusions
Based on the idea of defining a model that could integrate technologies provided by Web services with those provided by the Geographic Information Systems (GIS), this proposal emerges for a model for the visualization, management, and analysis of geographic information, as a valid and effective tool for public administrators to aid in decision making in management and planning of the territorial entity. This model allows for the creation of the Chinácota municipality SDI Geoportal, located in the Norte de Santander Department in north-eastern Colombia. This Geoportal SDI will serve as a gateway to the future of the Spatial Data Infrastructure of the municipality and the region. The applications and technologies proposed to implement the SDI Geoportal is based on the use of open-source software, whose purpose will be to provide a range of services that will serve as support when taking feasible and accurate decisions regarding proper management and land planning in the municipality of Chinácota and possibly the region.
The services the Geoportal will provide include:
• General Information Service • Spatial Information Web Service • Cartographic Service • Geo-referencing Service • Documentation Service • News Service • Cartographic Viewer
